To investigate the possible influence of genetics in subjects with obstructive sleep apnea syndrome (OSAS), HLA-A, B, C, and DR antigens were studied in 32 Japanese subjects with OSAS. The frequency of HLA-A2antigen was markedly increased in the patients with OSAS compared with normal controls (81.3% vs 40.6%) and compared with the Japanese population (40.7%), Pc < 0.035 and Pc < 0.007, respectively.
Introduction
Obstructive sleep apnea syndrome (OSAS) is characterized by snoring, periodic apnea, and hypoxemia during sleep. Daytime hypersomnolence is prominent in those with severe sleep fragmentation. Cardiopulmonary failure may be present in severe cases (1-2). Recently, a familial basis for OSAShas been suggested by several reports of families with multiple affected members (3-5). However, we know of no systematic study evaluating the mode of inheritance or familial aggregation of sleep apnea. The human leukocyte antigen (HLA) is an objective genetic marker. To investigate the possible influence of genetics in OSAS, we performed HLA analysis on groups of patients with OSAS, and agematched controls and compared these findings to those of the Japanese population.
Patients and Methods
Studies were performed on 32 Japanese male subjects, whowere referred to our hospital because of excessive daytime sleepiness, snoring and apneic episodes during sleep. A diagnosis of OSASwas confirmed by standard polysomnography (6) including the simultaneous monitoring of electroencephalogram, electrooculogram, chin electromyogram and electrocardiogram. Oxygen saturation wascontinuously measuredby pulse oximeter (BioxIII, Ohmeda Co. Colorado). Nasal and oral air flow was monitored by thermocouple flow meters (Nihon Koden Co. Tokyo). Anterior-posterior rib cage and abdominal movement was monitored using a magnetometer (Nihon Koden Co. Tokyo). Apnea was defined as cessation of nasal and oral airflow for ten seconds or longer. The diagnosis of OSAS was made when an apnea index (AI:apneas/hour) of more than five with accompanying oxygen desaturation to less 85% was found. Patients with secondary OSAS due to hypothyroidism and Shy-Drager syndrome were excluded from this study. All patients gave informed consent for this study.
HLAtyping was performed for the A, B, C and DR antigens in the patient group and for the A, B, and C antigens in 32 normal male volunteers (controls) by the NIH standard method. The mean age of the patients was 46.9 years (range, 29 to 65 years old) and that of normal controls was 45.2 years (range, 27 to 61 years old). The mean body weight (±SD) of the patients was 129.2 ± 17.0% of ideal (range, 103 to 175%) by Broca's index and that of control subjects was 110.4 ± 8.2% of ideal (range, 102 to 132%) (p <0.01). Themeanapneaindex (±SD) was38.9 ± 16.2 episode per sleep hour in OSASpatients. for other parameters by Student t-test and p < 0.05 was also considered to be significant.
Results
The results of HLAanalysis are given in Tables 1, 2 and 3. The HLAfrequencies in the Japanese population are taken from the report of Asian Oceanian Workshop in 1986 (7). As shown in Table 1 , the frequency of HLA-A2 was markedly increased in the patients as compared with normal controls (81.3% vs 40.6%) and with the Japanese population (81.3% vs 40.7%). These differences were statistically significant (Pc < 0.035, Pc < 0.007, respectively). In the HLA-Blocus antigen evaluation, HLA-B39was found more frequently in patients than controls, but it did not reach a significant level when corrected p values were applied ( Table 2 ). As shown in Table 3 , no significant deviation in the frequencies of HLA-Cand DRantigens was observed between OSAS patients and normal controls. OSASpatients were divided into HLA-A2positive and negative groups and their characteristics are compared in Table 4 . There were no significant differences in the age or apnea index between groups of patients.
However, percent ideal body weight (%IBW)was significantly larger in the A2 positive patients. Percent IBW of individual patients is shown in Fig. 1 . Mean %IBW was 132.8 ± 16.5% in HLA-A2 positive patients and 113.3 ± 8.3% in HLA-A2negative patients. This difference was statistically significant (p < 0.01). 
Discussion
Several previous reports have described OSAS occuring in genetically related subjects. Strohl et al (3) first described a family with multiple male relatives suffering from symptomsof excessive daytime sleepiness and nighttime restlessness in whomthree brothers had repetitive obstructive and mixed apneas during sleep. Manon-Espaillat et al (4) reported a father and son with obstructive sleep apnea which occurred in association with anosmia and a seizure disorder. Bayadi et al (5) have recently reported the distribution of symptoms, ventilatory responses and upper airway structure in membersof one family with three generations of subjects with sleep apnea. Ventilatory response to hypoxia was markedly reduced in all five subjects studied, and hypercapnic responses were reduced in three of the five subjects. The posterior pharyngeal air space was narrowed in three subjects, and the mandibula to hyoid distance was increased in four. On the basis of these findings, they suggested that the sleep disorder might occur as a result of interaction between the attenuated ventilatory control and anatomic risk factors. Several risk factors correlated with the development of OSAS(cranial-facial structure, obesity, alcohol consumption) and ventilatory chemosensitivity may have a genetic basis.
Although these previous reports suggested that the patients with OSASmight have a similar genetic background, the direct genetic markers of OSAShave not been described. The HLAsystem has been considered to be an objective genetic marker which has been used for the investigation of the genetic and familial factors in various diseases. For example, the association of HLA with several pulmonary diseases has been suggested (8) (9) (10) . In the present study, the relationship between OSASand HLAwas examined and the frequency of HLA-A2was found to be markedly increased (26 of 32 patients). Although HLA-A2antigen is a common antigen in Japanese, the frequency being approximately 40%, statistical analysis showed that the incidence of this antigen in OSASpatients was significantly higher than that present in the normal controls (Pc<0.035) and in the Japanese population (Pc < 0.007) (7). These results suggest that there may be an important genetic predisposition for OSAS. Since HLA-A2positive patients were more obese than A2-negative patients, it is possible that the higher incidence of OSASin the present patients was due to the influence of this genetic markeron obesity. We examined the HLA in age-matched normal controls, but not in weight-matched controls. Actually, there is no available HLAdata on obese subjects in Japan. Therefore, further investigation of age and weightmatched controls will be needed. However, one investigation reported from Germanydemonstrated that there was no significant association between the frequency of HLA and obesity in the general population (ll). In addition, the influence of HLA-A2on the upper airway anatomy (cephalometrics) would be of interest as this genetic marker maypredict small or narrow pharyngeal lumens, a risk factor for OSAS. Since multiple factors may be involved in the pathogenesis of OSAS, it is unlikely that genetics plays the only role in the pathogenesis and development of OSAS. However, we have demonstrated for the first time that measurable genetic markers are significantly more common in OSAS. We believe our findings may be helpful in future studies of the pathogenesis and epidemiology of this commondisorder.
